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COOLING OPTIMIZATION IN TUBULAR
REACTOR OF PALM OIL WASTE
PROCESSING
T.J. Marpaung, Tulus, Saib
Abstract. The tubular reactor is one of the important tools used in industrial
chemical processes to produce useful products, one of which is the processing of palm
oil waste. In its use the tubular reactor performs a continuous process. Therefore,
maintenance in the tubular reactor so as to produce the desired product remains
the same if it is more necessary. One is the cooling of the reactor that has just
been used, so the reactor can be reused properly. In reactor cooling, this research
uses heat transfer concept which is applicable to Fourier and Newton law in the
process. In both laws the partial differential equations generated will be solved both
analytically and numerically. Analyzes are limited only until the best mathematical
model is obtained to obtain the solution in the cooling, whereas in numerical the
finite element method is used which will be simulated by COMSOL Multiphysic
program.
1. INTRODUCTION
The reactor is a place where the process of a chemical reaction takes place.
As we know chemical reactions are a natural process that always produces
changes in chemical compounds. The compounds involved in the reaction
are referred to as reactants. Which chemical reaction takes place can be
seen from its chemical changes and will produce one or more products that
Received 19-02-2018, Accepted 27-02-2018.
2010 Mathematics Subject Classification: 65L60, 35R05, 37N40
Key words and Phrases: Finite Element Method, Partial Differential Equation, Optimization
13
T.J. Marpaung et al., – Cooling Optimization in Tubular Reactor 14
usually have different characteristics of the reactants. Basically the general
concept of chemical reactions can also be applied to the transformation of
elementary particles as in nuclear reactions. With the onset of this reaction
a material is transformed into another form of material, the change is either
occurring by itself or it may also need energy help. Therefore the reactor
can also be a place to process a nuclear reaction. In general, the reactor is
divided into two, namely
1. batch reactor
2. continue reactor
Chemical processes in industry usually depend on a process model
for design, monitoring, control and optimization. The chemical reaction
system is distributed according to a process that involves a reaction with an
unevenly mixed phase, resulting in a dependence on a chamber. The tubular
reactor is an example of such a system. The dependent variable of this
model is usually the concentration and temperature. These variables, which
depend on time and spatial coordinates, are described by partial differential
equations (PDPs) comprising material and heat balance matrixes affecting
advection, reaction, condition, conduction, and initial conditions and limits.
Analysis of distributed reaction systems is more complex in time and space.
In addition, depending on the type of boundary conditions, the system can
be more or less difficult to analyze.
One of the reactors whose mechanism is quite simple compared to
the reactors used in the chemical industry is the pipe flow reactor. Pipe
flow reactor model (RAP) or plug flow reactor (PFR) is a reactor in which
chemical reactions take place continuously along the flow system. Pipe flow
reactors are often also referred to as tubular reactor reactors or Continuous
Tubular Reactors (CTRs). This pipe flow reactor is used to estimate the
properties of a chemical reactor so that key reactor variables such as reactor
dimensions can be calculated. This reactor has characteristics in the reaction
mechanism.
In general, the characteristics of pipe flow reactor under ideal condi-
tions are:
1. This reactor is usually a tube that reacts with fluid flow
2. Assumed no stirring (mixing)
3. The plug flow is a type of flow that occurs in this reactor (reactor flow)
T.J. Marpaung et al., – Cooling Optimization in Tubular Reactor 15
4. Most of the mixing of this type of reactor operates at the intermediate
level
5. Perfect mixing in radial dimension (uniform concentration)
6. There is no mixing on axial flow or no axial dispersion (separate flow)
In this research, the chemical process in tubular reactor is the pro-
cessing of palm oil waste that has been done at Lembaga Penelitian dan
Pengembangan Mahasiswa Universitas Sumatera Utara (LPPM USU) [8].
Where we know oil palm (it Elaeis guineensis Jacq.) Is a plantation com-
modity that plays an important role for the Indonesian economy as one of
the major non-oil and gas foreign exchange contributors. Palm oil produces
processed products that have many benefits. The palm oil products are
used for industries producing cooking oil, industrial oil, fuel, cosmetics and
pharmaceutical industries.
In the cooling process, a partial differential equation is used to com-
plete the heat transfer. As it is known the heat will flow from where the
temperature is high to a lower temperature place. The heat transfer mech-
anism we already know is:
1. Conduction is a process of heat transfer when heat flows from a high
temperature place to a lower temperature, with a medium of heat
conductor.
2. Convection is the heat transfer that occurs between the solid surface
and the fluid that flows around it, using a fluid (liquid / gas)
3. Radiation is the heat transfer that occurs due to radiation / radia-
tion of electro-magnetic waves, without the need for an intermediate
medium.
Based on the mechanism, this study was limited to conduction and convec-
tion. Thus the law of Fourier applies
qk = kA
(
−∂T
∂x
)
(1)
and Newton Law
qc = hcA (Ts − Tf ) (2)
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The results of this study are important for optimizing a production in
this case centered on reactor cooling. Where the reactor can be used even
better after the cooling process. In this study can be seen from the mathe-
matical model generated, how to determine the optimal temperature limit
in a chemical process on the tubular reactor. So that the results produced
after the reactor experienced cooling process of production is expected to
be more generated.
The target findings of this study are to explain the direct implemen-
tation of partial differential equations in the real world and to produce new
theorems in connection with the process of optimizing a partial differential
equation.
2. ONE DIMENSIONAL TUBULAR REACTOR MODEL
In a one-dimensional tubular reactor, concentration and temperature are
the spatial coordinates function z and time t. It is assumed that the sys-
tem entrance channel is at z = 0 and z is positive along the length of the
reactor. Because concentrations and temperatures vary with spatial co-
ordinates, concentrations and temperature gradients can cause significant
diffusion when material flow is not dominated by advection. Therefore, the
general formulation of materials and energy for a single-dimensional single-
dimensional tubular reactor considers the system from the point of view of
the reaction-diffusion reaction problem.
Let’s consider a single-dimensional single-phase tubular reactor con-
taining S species involved in independent R reactions. The s-dimensional
vector of concentration c(z, t) is explained by PDEs
∂
∂t
c(z, t) + vz
∂
∂z
c(z, t) = φr(z, t) +D
∂2
∂z2
c(z, t), (3)
where vz is constant advection speed, φr(z, t) := N tr(c(z, t), T (z, t)θ), the
R-dimension vector of the reaction rate depends on θ parameter, D is the S-
dimensional diagonal matrix of constant direction coefficient, and the T (z, t)
temperature is explained by the PDE
∂
∂t
T (z, t) + vz
∂
∂z
T (z, t) = ψ(z, t) + α
∂2
∂z2
T (z, t), (4)
where ψ(z, t) := −∆H
Tφr(z,t)+φex(z,t)
ρcp
represents reaction and exchange con-
tributions heat to temperature, with ∆H vector S-dimensional forming
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enthalpies at Tref , φex(z, t) heat exchange rate with the environment and
rhocp constant product density and Specific heat capacity for temperatures
between Tref and every T (z, t), and a = k/(ρcp) is the thermal diffusivity,
with constant thermal conductivity k
Initial and boundary conditions used are
c(z, 0) = c0(z), ∀z > 0(IC), (5)
c(0, t) = cin(t) +
D
βvz
∂c
∂z
(0, t), ∀t ≥ 0(BC), (6)
lim
z→∞D
∂c
∂z
(z, t) = 0s, ∀t ≥ 0(BC). (7)
The general solution [2] obtained is
c(z, t) = cibc(z, t) + δc(z, t). (8)
where
∂
∂t
cibc(z, t) + vz
∂
∂z
cibc(z, t) = D
∂2
∂z2
cibc(z, t), (9)
cibc(z, 0) = c0(z),∀z > 0(IC), cibc(0, t) = cin(t) + D
βvz
∂cibc
∂z
(0, t),∀t ≥ 0
(10)
lim
z→∞D
∂cibc
∂z
(z, t) = 0s,∀t ≥ 0 (11)
3. OPTIMIZATION OF FINITE ELEMENT METHOD
The Finite Element Method is one of the numerical methods [10]. Where
any numerical simulation, as done by the Finite Element Method is usually
used as an aid to design and manufacturing. Here are the basic steps of the
finite element method:
 Discrete domain
 Determination of the shape of the approach function
 Determination of coordinate system
 Calculation of each mesh element
 The establishment of a system of linear equations
 System completion
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In domain discretization, we usually use a weighted residual method.
Weighted residual method is used to simplify the form of the equation that
will be solved by making becomes equal to zero and try to limit the func-
tions mensubtitusikan initial desired equation. The baru try function is a
function that has a variables such as c which has not been determined yet.
Once obtained, the form of the equation is called the R residue. For the ap-
proximation function, it is usually used three weighted functions symbolized
by w and substituted by the following equation:
I =
∫ b
a
wRdx (12)
then used Galerkin Method
w =
du¯
dc
(13)
With finite element method, it is expected to obtain optimum results.
Optimum results will be obtained based on some of the following consider-
ations :
1. Sales are limited by production
2. Sales are limited by the market
3. Large unit through placement
4. Raw materials or high energy consumption
5. Product quality exceeds product specifications
6. The loss of valuable components through the waste stream
7. High labor costs
and all of that will be solve by Comsol Multyphysic.
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4. SIMULATION
In this simulation we use data in this study are
Table 1: Data 1
Description Value
Reactor Length 2 m
Diffusivity 1E8 m2/s
Fluid speed in reactor 0.0042 m/s
Fluid speed at jacket 0.01 m/s
Concetration A in reactor 700 mol/m3
Molar mass A 0.03 kg/mol
Molar mass B 0.048 kg/mol
Molar mass C 0.056 kg/mol
Molar mass of result 0.018 kg/mol
Concentration of result 51111 mol/m3
Temperature in Reactor 400 K
Temperature at Jacket 400 K
Heat Transfer Coeficient 10000 W/m3 K
Heat of reaction 1 200e3 J/mol
Heat of reaction 2 100e3 J/mol
General gas constant 8.314 J/(mol K)
Frequency factor, reaction 1 1.6E8 1/s
Frequency factor, reaction 2 1E15 1/s
Aktivation energi, reaction 1 75000 J/mol
Aktivation energi, reaction 2 1.25E5 J/mol
From the data in table 1 above, it will be entered into local variables
in the Comsol Multiphysic program. Where the local variable is used as the
coefficient value for each section on the settlement numerically.
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From table 1, can be obtained based on simulation using comsol is as
follows
Table 2: Result Data
Stationary Solver 1 in Solution 1 (sol1) started at 25-Des-2017 22:53:27.
Nonlinear solver
Number of degrees of freedom solved for: 255 (plus 10 internal DOFs).
Nonsymmetric matrix found.
Scales for dependent variables:
Temperature (comp1.T): 2.9e+02
Concentration (comp1.cA): 2.6e+05
Concentration (comp1.cB): 4.4e+06
Concentration (comp1.cC): 4.9e+05
Temperature (comp1.Tj): 41
Orthonormal null-space function used.
Iter SolEst ResEst Damping Stepsize # Res # Jac # Sol LinErr LinRes
1 45 78 0.0100000 45 2 1 2 7.6e-13 7.9e-16
2 5.2 3.5e+05 0.1000000 5.4 3 2 4 3.4e-13 1.2e-15
3 10 3.9e+05 0.0161197 10 4 3 6 1.7e-13 1.2e-15
4 4.3 2.5e+06 0.0742099 4.5 5 4 8 2.8e-13 1.1e-15
5 4.8 4.5e+06 0.0394935 5 6 5 10 4.3e-13 9.8e-16
6 3.2 2.2e+07 0.0747256 3.3 7 6 12 2e-13 6.4e-16
7 3.1 5.5e+07 0.0606210 3.2 8 7 14 6e-13 7.4e-16
8 2.4 2.2e+08 0.0854291 2.6 9 8 16 3e-13 8.8e-16
9 2.8 4.6e+08 0.0676611 3 10 9 18 1.4e-13 7.9e-16
10 4 6.9e+08 0.0490349 4.2 11 10 20 6.1e-13 9.8e-16
11 4.1 1.1e+09 0.0503436 4.2 12 11 22 5.7e-13 8.7e-16
12 3.8 1.7e+09 0.0531630 4 13 12 24 5.1e-13 1e-15
13 3.5 2.8e+09 0.0579141 3.7 14 13 26 4.2e-13 8.5e-16
14 3.2 4.6e+09 0.0633807 3.3 15 14 28 1.8e-13 8.3e-16
15 2.8 7.7e+09 0.0706786 3 16 15 30 1.4e-13 6.7e-16
16 2.5 1.3e+10 0.0796469 2.7 17 16 32 5.4e-13 7.4e-16
17 2.2 2.3e+10 0.0917743 2.3 18 17 34 2.8e-13 8.1e-16
18 1.8 4e+10 0.1079922 2 19 18 36 4.2e-13 8.2e-16
19 1.5 7e+10 0.1309879 1.6 20 19 38 1.3e-13 7.5e-16
20 1.1 1.3e+11 0.1667026 1.3 21 20 40 3.8e-13 6.2e-16
21 0.81 2.3e+11 0.2261522 0.98 22 21 42 9.8e-13 7.9e-16
22 0.49 4.4e+11 0.3381605 0.67 23 22 44 6.4e-13 5.7e-16
23 0.17 9e+11 0.6674724 0.36 24 23 46 2.2e-13 9e-16
24 0.0099 2.5e+11 1.0000000 0.15 25 24 48 6.6e-13 2.7e-15
25 0.0011 5e+10 1.0000000 0.0093 26 25 50 2.3e-13 6.4e-15
26 0.00036 1.2e+10 1.0000000 0.0011 27 26 52 5.5e-13 1.4e-14
Stationary Solver 1 in Solution 1 (sol1): Solution time: 1 s
Physical memory: 4.77 GB
Virtual memory: 11.29 GB
Based on table 2, the Comsol program can obtain results for tempera-
ture optimization at the reactor and on the jacket to the reactants. For the
settling of temperature is presented in following table
From table 3, it can be seen for the optimum temperature obtained is
334.38 ° K. And the results are obtained in graphical form for the following
concentrations is
The concentration of the reactant which reacts as a function of the
reactor length when the inlet temperature of the jacket stream is 400 ° K. It
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Table 3: Temperature Optimum
Tjin 400.00 400.20 399.80 399.60 399.20 398.40 396.80
Objective 153.18 152.04 154.33 155.47 157.75 162.32 171.43
Tjin 393.60 387.20 374.40 348.80 337.49 336.93 335.65
Objective 189.43 223.91 282.45 345.09 352.12 352.22 352.37
Tjin 334.68 334.48 334.28 334.38 334.39 334.37 334.38
Objective 352.42 352.42 352.42 352.42 352.42 352.42 352.42
(a) 400 K (b) Optimum
Figure 1: Concentration
can be seen from the concentration curve for the optimum inlet temperature
of the jacket flow found in 334 ° K. Clearly, when the inlet temperature is 400
° K the conversion of reactant A is high, but at the same time, the selectivity
for the desired product B is not good. Under optimized conditions, the B
concentration at the reactor outlet was 352 mol / m3, compared to the
concentration of 153 mol / m3 when the inlet temperature was 400 ° K.
From the results of the concentration obtained, for the average rate of
process of a product in the tubular reactor, can be obtained the average rate
at its optimum temperature as well. And the next will display the graph of
the rate at the optimum temperature at jacket of tubular reactor.
The flow of the jacket heats the reaction stream as the entry temper-
ature is stored at a temperature of 400 ° K. Conversely, the jacket flow cools
the flow that reacts when the admittance temperature is 334 ° K.
The temperature of the jacket inlet 400 ° K, the rate at which B is
consumed (r2) dominates the production rate (r1) from a point of about
0.65 m down the reactor. This effect is due to heat transferred from the
flow of the jacket, counteracting the cooling effect of endothermic reactions.
At an inlet temperature of 334 ° K, the combined cooling effect by jacket flow
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(a) 400 K (b) Optimum
Figure 2: Temperature
(a) 400 K (b) Optimum
Figure 3: Rate of Production
and energy consumption due to the reaction work together to extinguish the
system, thus increasing the B concentration level at the outlet.
5. CONCLUSION
The result of this research is the optimum temperature that must be used
for palm oil waste processing is 334 ° K where 400 ° K is usually used. To get
maximum result for production rate also use temperature 334 ° K. So in its
application the authors conclude that in actual application in palm oil waste
processing, used temperature ± 334 ° K. So we can get various advantages
that is:
 The reactor used is not easily damaged.
 The heat used is less than before.
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 More optimal production yield (same quality but faster production
time)
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